This study determined the thermal requirements of forest native seedlings (Hymenolobium petraeum and Parkia pendula) and exotic seedlings (Adenanthera pavonina and Cassia fistula) all belonging to Fabaceae family, in three shading conditions (full sun, 50% and 65% of global radiation attenuation by poliefinas black screens). Also they were estimated of leaf emergence by Phyllochron and the Wang and Engel models, on climatological conditions at Sinop (Region of Transition Amazon-Cerrado), Mato Grosso State, Brazil, for winter period (between June and August of 2012). The minimum (Tb) and maximum (T B ) basal temperatures and the optimum temperature (T opt ) of growth of each species were estimated by regressions between relative growth rates and minimum, maximum and average temperatures, respectively. The values of the estimated T b were 15.0˚C, 16.4˚C, 14.5˚C and 14.6˚C; to T B were 39.7˚C, 37.1˚C, 38.6˚C and 40.1˚C; and to T opt were 24.4˚C, 24.9˚C, 24.9˚C and 25.1˚C to A. pavonina, C. fistula, H. petraeum and P. pendula, respectively. The Phyllochron model showed highest efficiency in the estimation of leaf appearance when compared to Wang and Engel method.
Studies with air temperature, development and phenology tend to receive little attention, however, even considering the variability of growth and forest species development in tropical climates. The information is vital for the appropriate implementation of management for forest species, as well to improve the quality of produced seedlings, increasing the probability of successful implementation in plantations, whether for production or recovery [14] . In this context, considering the lack of information about the ecophysiological aspects of tropical forest seedlings, this study aimed to determine the thermal requirements of the following species: Adenanthera pavonina (L.), Cassia fistula (L.), Hymenolobium petraeum (Ducke) and Parkia pendula (Willd.), and estimate the leaf emission in forest seedlings, in different shading levels, in Sinop (Amazon-Cerrado transition), Mato Grosso State, Brazil.
Material and Methods
The experiment was conducted between June and August 2012 at the Experimental Station of Federal University of Mato Grosso, located at Sinop (11˚51'08"S; 55˚30'56''W; 376 meters above sea level), Mid-North of Mato Grosso State (Cerrado-Amazon Transition), Brazil. The climate of this region according to Köppen's classification is Aw-tropicalhot and humid climate, with distinct seasons: drought (May to September) and rainy (October to April), with average monthly temperatures between 24˚C and 27˚C, and annual rainfall around 1970 mm [34] .
The seeds were collected from health trees matrices, distributed in the vicinity of Sinop, Mato Grosso State. The germination occurred on germitex paper, into BOD growth chamber, with constant temperature of 30˚C. Sequentially, the seeds were transplanted to in black polyethylene bags (15 × 30 cm) with lateral holes for water drainage. The substrate utilized was a mixture of commercial substrate (compost by Pinus spp. bark biostabilized, vegetal turf, expanded vermiculite and acidy correctives) and Yellow-Red Oxisol from forestry in a 3.2:1 ratio, respectively. The fertilization was done with 500 g•m −3 of NPK 4-14-8 granular fertilizer for provide the basic nutritional requirements for all evaluated species. Were employed suspended modular nurseries, built with wood in the dimensions of 1.5 × 5.0 × 1.0 m (width × length × height).
The seedlings were submitted to the following shading treatments: 0% (full sun), 50% and 65% of global radiation attenuation, through nylon black shade-screen (commercial screen Sombrite ® ). The shading levels were established by measurements of the luminosity (lux) in each treatment, with twelve measurements during the day, with hourly intervals, during the first 30 days after transplation (DAT), using a LD-200 digital luxmeter (Instrutherm). We used a no shaded control point to determine the measure of full sun. The irrigation management was performed by determining the daily evapotranspiration of species by weighing lysimeters.
Were employed meteorological data from the Meteorological Automatic Station (MAS), located in the 11.98˚S; 55.56˚W and altitude of 371 m above of sea level. As there was no routine to monitoring of air temperature (T) and global radiation (GR) on indoor the suspended tree nurseries, were performed periodic evaluations to obtain the correlations (in different shading conditions) to T and GR estimated, considering as reference the data monitored in MAS (treatment in full sun). The instant measures of GR were obtained with portable digital luximeters (LD-200) at 07:00, 09:00, 12:00, 15:00, 17:00 h, while the temperature and relative humidity of air measurements were performed daily (at same time) with digital thermo-hygrometers (HT-600).
Was adopted a completely randomized design with five replicates of four plants, with weekly non-destructive analysis (counting the number of leaves on the main stem) and biweekly destructive (total dry mass). The plants drying was obtained by kiln with air forced movement under temperature of ±65˚C, until constant mass be achieved, with determination on a digital scale precision 0.01 g. Sequentially, the growth relative rates of plants (GRR) was obtained in gg −1 •day −1 as proposed by Benincasa [35] . Were applied linear regressions obtained by correlations for determination of the minimum (T m ), medium (T med ) and maximum (T M ) air temperatures. Subsequently, were determined the minimum (T b ) and maximum (T B ) basal temperatures of each species for all treatments with linear regressions between T m and T M and GRR. Therefore, to define the optimal temperatures (T opt ) were adjusted the polynomial regressions between T med and LAR.
Were evaluated two methodologies to leaves emission estimative on the main stem of the four studied species. Firstly, the Phyllochron method considers the plant development a linear function of thermal units accumulation, in other words, accumulated thermal sum (STa), expressed in degree day (˚C•day −1 ) [36] . The calculation of the daily thermal sum (STd) was performed following the Omettomethodology [37] cited by Souza et al. [38] , using the following expressions for the local climate conditions:
where: T b and T B : minimum and maximum basal temperature, respectively (˚C); T m and T M : daily minimum and maximum temperature, respectively (˚C); The STd accumulation over the development period, generates up STa (in ˚C•day −1 ). To application of Phyllochron model, firstly was performed a linear regression (Equation (3)) between the number of leaves on the main stem (NL) and STa [39] . For this, the Phyllochron (˚C•day•leaf −1 ) was obtained through the inverse slope of the linear regression equation, i.e., 1/a [20] [40] . The NL accumulated on the main stem was obtained by the ratio between STa and Phyllochron [40] .
According to the Wang and Engel (WE) method [16] , LAR was obtained by multiplication between f(T) (nonlinear function of the temperature) and the maximum observed LAR (LAR max ) [20] . WE model was expressed by the general formula [14] :
where: LAR: leaf appearance rate (leaves day 
where: T opt : optimum temperature for each species (˚C); The α coefficient was obtained based on niperiam logarithm (ln) by Equation (6) [14] :
Finally, the NL by WE model was taken with the sum of daily values of LAR ( )
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from transplanting date [16] [18] . To evaluate the performance of NL estimation methods and enable indication which showed a better description of the forest species seedlings development, was performed the F test between NL values observed to verify the data variance homogeneity. Subsequently, were applied the RMSE indicatives (root mean square error); dw (Willmott index adjustment); BIAS (systematic error); r (correlation coefficient); and c (performance index) [20] [22] [41]- [43] .
( ) The RMSE value demonstrates the error produced by the model and its lower value indicates that better is the model [22] . The model accuracy was determined by the Willmott [41] concordance index, with values ranging from zero to one, refers to minimum and maximum concordance, respectively [40] . The BIAS index refers to the average deviation between the observed and estimated values, expressing this way the tendency of model [44] , being the best model analyzed, which present values close to zero [43] . The correlation coefficient (r) indicates the association degree between two or more variables, with values ranging from −1 to 1, and its higher absolute value indicates that occurs greater adhesion between estimated and observed values [44] . The model performance index (c) varies from 0 to 1 and the higher value indicates the better estimates performance [42] .
Finally, was employed the statistical method by position values (V p ) of statistical indicatives (scores), that classify and define the best method for the of leaf emergence estimation. To obtain the V p were assigned weights of 1 to "n" for each statistical indicator, being "n" the number of tested models, in this case, were assigned weight "1" to the best model and "2" to the worst, and consequently, the best model is the one with the lowest sum of assigned weights or lower accumulated V p [45] .
Results and Discussion
The averages of the main meteorological parameters monitored by Automatic Meteorological Station from June to August 2012 showed in Table 1 . The total rainfall was 4.80 mm during this period, with monthly average temperature of 24.45˚C. This study performed in dry season allowing evaluating the direct effects in growth and development of seedlings under shading conditions, considering that in the winter months (June, July and August) occur the higher temperature ranges in this region [34] . The water vapor has a great potential for radiation attenuation in the atmosphere during the summer or rainy season, the differences between nocturnal and diurnal temperatures are lower, mainly with attenuation in the maximum temperature resulting to the changes in direct and diffuse total components with cloudiness. Consequently, the coverage use tend to modify the behavior by changes in absorption, reflection and transmission of incident global solar radiation, and therefore, changes in the balance of short and long waves, which in turn allow variations in the available net energy for physical processes (latent and sensible heat), biochemical (photosynthesis) and biophysical (evapotranspiration).
The air temperature attenuation coefficients obtained for coverage with nylon black shade-screen of 50% and 65% attenuation, as well the linear regressions of correlations between the internal environment (shading) temperatures and external (full sun) ones are illustrated in Figure 1 . The values of T b and T opt estimated for each species shown in Table 2 . The cardinal average temperatures for the four forest species were 15.1˚C (T b ); 24.8˚C (T opt ) and 38.9˚C (T B ). Although the standard deviations between the values of basal temperatures for the four species had been low (0.87˚C; 1.37˚C and 0.28˚C for T b , T B and T opt respectively), the H. petraeum and Parkia pendula showed the lowest T b values (14.5˚C and 14.6˚C), whereas these species with A. pavonina showed higher T B values (38.6˚C; 40.1˚C and 39.7˚C, respectively). [38] ; coffee (Coffea arabica) in implementation phase are 12.9˚C and 32.4˚C [48] ; and finally, the olive tree (Olea europaea L.) T b is 8.5˚C [49] . The values of optimum temperatures (T opt ) provides the higher development rates and hardly found in the literature for native species. However, it is noted that T opt values to H. peatrum and P. pendula are close to those determined for Eucalyptus species, while the values of T b and T B were higher than, in view that they are originate from tropical regions and two are Amazonian.
As to the shading levels effect on the seedlings development, it was observed that the highest values of RGR occurred in 50% shade coverage for all species, indicating that this percentage can be considered suitable for accommodate the evaluated species seedlings. Based on the basal temperatures and daily average temperatures estimated at each cultivation condition, were obtained the STa values for the experimental period at the different treatments ( Table 3) , being observed small values of standard deviation of STa between the different coverage for all species.
The estimated Phyllochron values for the four forest species had low standard deviation between treatments, being the average values 11.40˚C day leaf ; 26.72˚C day leaf −1 and 30.30˚C day leaf −1 for A. pavonina, C. fistula, H. petraeum and P. pendula. From these values, it is noteworthy that the higher Phyllochron value is the greater quantity of STa needed for leaf issuance, and thus, the species with the highest thermal demand to issue one leaf organ was P. pendula.
It was found out in NL estimates for A. pavonina, C. fistula and P. pendula in all treatments that the Phyllochron method overestimated the NL average, while the WE model propitiated under estimations. To H. petraeum, both models underestimated the NL with minimal values of 2.9 and 6.9 leaves to Phyllochron and WE, respectively (Figure 2) . For all species and treatments, the standard deviation for Phyllochron method were higher than those presented by WE model. Analyzing the observed and estimated data (Figure 3) noted that for H. petraeum, the Phyllochron method approached the 1:1 line (simple linear regression with passage through the origin), indicating better accuracy of the estimate. For the other species, this behavior was given by the WE model, which presented values of determination coefficients (R 2 ) higher than those adjusted for Phyllochron model. The RMSE values were better in the WE method and lower those presented by Phyllochron method (except for H. petraeum in 50% shading), varying from 0.741 to 2.924 for WE and 1.418 to 8.891 for Phyllochron. In relation to correlation coefficient (r), performance index (c) and concordance index (dw), the Phyllochron method showed be superior than the WE method. Regarding the statistical indicatives (Table 4) , it was observed that the Phyllochron method showed lowest of V p values when compared with the WE method for all species and treatments, being this way, indicated as the best method to estimate the leaf appearance. Finally, the BIAS index indicated that the Phyllochron method excelled over WE, considering that for the species H. petraeum and A. pavonina, the first was superior in estimating the NL in all treatments, while the second was greater only in the full sun treatment for C. fistula and P. pendula. For the mentioned index, the values ranged from −0.021 to 0.519 and −0.229 to Phyllochron to −0.127 for WE.
The results were different from the observations for E. saligna and E. grandis, since for these species the best NL estimates given by WE method with nonlinear responses of LAR as a temperature function [14] . In general, the Phyllochron method criticized by considering the leaf emission response linear to temperature, what not accepted from the biological viewpoint. Streck [22] and Xue et al. [20] affirm that the linearity of responses (development) obtained only in the proximity of basal temperatures. However, this method is widely used to estimate crop development, mainly agricultural [20] , and which for forest species, the studies of this nature are not frequent.
Conclusions
The thermal requirements estimated for the species Adenanthera pavonina, Cassia fistula, Hymenolobium petraeum and Parkia pendula were respectively 15.0˚C, 16 
